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Abstract - Twenty-nine samples of pyroxenes were separa ted  from t h e  

pyroxeni tes  of S. E. Madagascar and s tud ied  minera logica l ly  and chemically.  

The o p t i c a l  and phys ica l  p rope r t i e s  were  determined by a n a l y s i s  of t h e  

ind ices  of r e f r a c t i o n ,  b i re f r ingence ,  e x t i n c t i o n  angles ,  o p t i c  axial 

ang le s ,  pleochroism and s p e c i f i c  grav i ty .  

r e f r a c t i o n  a, vary from 1.670 t o  1.724, and y,  from 1.690 t o  1.743. 

, 

It was found t h a t  t h e  i n d i c e s  of 

B i r e -  

f r ingence  varies from 0.013 t o  0.029. Ext inc t ion  angles  vary from 37.5' 

t o  46'. Opt ic  a x i a l  angles  vary from 57' t o  61' (with a p o s i t i v e  o p t i c  

s ign) .  Spec i f i c  g r a v i t y  v a r i e s  from 3.285 t o  3.682, t h e  samples having the  

da rke r  co lo r  and higher  Fe conten t  being t h e  more dense. The most remarkable 

c h a r a c t e r i s t i c  of t hese  pyroxenes is t h e i r  no tab le  high conten t  of A1203, 

varying from 7.00-10.00%. The number of Ca atoms is equal t o  t h e  sum of 

Fe and Mg atoms. Also,  t h e  weight percentages of -0, 24-26%, correspond 

t o  those  which e x i s t  i n  t r u e  diopside having t h e  formula Ca(Mg,Fe)Si 0 2 6 '  

On t h e  con t r a ry ,  however, t h e  Si0 content  i n  these  pyroxenes i s  low, 2 

between 40 and 47% by weight ,  when it normally would be expected t o  fall  

between 49 and 55% according t o  the formula. In  o the r  words, compared 
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t o  t r u e  diopside-hedenbergi te ,  these  pyroxenes seem 

s u b s t i t u t e d  f o r  s i l i c o n .  

INTRODUCTION 

t o  have aluminum 

The pyroxenes used i n  t h i s  s tudy were separa ted  from t h e  pyroxeni tes  ' 

of S.  E .  Madagascar, which are very r i c h  i n  d iops ide ,  many being mono- 

minera l ic .  

i a n i t e  depos i t s .  

sys temat ica l ly .  

I n  1941, LACROIX made a d e t a i l e d  survey of t hese  phlogopi t ic  pyroxeni tes  

and publ ished f i r s t  c h e m i c a l  a n a l y s i s  of t h e s e  rocks.  DE LA ROCHE 

(1956 and 1958) was  t h e  f i r s t  worker t o  give a d e t a i l e d  d e s c r i p t i o n  and 

i n t e r p r e t a t i o n  of t h e s e  pyroxeni tes .  

c h a r a c t e r i s t i c s  and t h e  p r inc ipa l  a spec t s  of metamorphism, g r a n i t i z a t i o n  

and t h e  poss ib l e  made of o r i g i n .  

They are famous f o r  t h e  occurrence of phlogopi te  and uranothor;  

LACROIX (1922) w a s  t h e  f i r s t  t o  desc r ibe  these  rocks  

BESAIRIE (1930) l a te r  s tudied  t h e  phlogopi te  occurrences.  

He d i scussed  t h e  e s s e n t i a l  reg iona l  

L A W I X  (1941) divided pyroxeni tes  chemically i n t o  t w o  groups,  i n  - 
gene ra l .  

ph log ip i t e .  

p re sen t  i n  a far smaller amount, o r  are completely absent .  

t h e  second group con ta in  l i g h t  colored mine ra l s ,  i.e. s i l ico-aluminous 

f e l d s p a r  and werne r i t e ,  which a r e  present  i n  q u i t e  a cons iderabie  prvyvrt io i~  

2nd p lay  an iraportant r o l e .  

One c o n s i s t s  e s s e n t i a l l y  only of calco-magnesian pyroxenes and 

Silico-aluminous minerals  ( f e l d s p a r s  or  werner i tes )  are 

Pyroxeni tes  oE 

For convenience,  t h e  present  author  has  d iv ided  these  pyroxeni tes  

mine ra log ica l ly  i n t o  t h e  fol lowing t h r e e  groups: 

1. Pyroxeni tes  w i th  phlogopite-L 

2. Feldspa th ic  pyroxeni tes ;  

3. Werneri t ic  pyroxeni tes .  

G! 
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The pyroxenes are from t h e  diopside-hedenbergite series. Pyroxenes 

of groups 1 and 3 a r e  nonpleochroic,  whi le  those  of group 2 are the 

pleochroic  varieties. Phlogopi tes  are pleochroic  from yel lowish t o  

greenish  or reddish  brown i n  c o l o r ,  w i t h  sh in ing  sp lendent  lustre. Plagio-  

clase f e l d s p a r s  (Ans2 62 ) are greyish whi te  i n  c o l o r ,  t u r b i d  and have a ' 

v i t r e o u s  l u s t r e .  

a more o r  less greasy  lu s t r e .  

f e l d s p a r s ,  evidenced by t h e  presence of pseudomorphous twin-lamellaes .) 

Werneri tes  are whit ish g r e y ,  g r a n u l a r  and appear t o  show 

plag ioc lase  They e x h i b i t  a t r a n s i t i o n  from 

Diverse ideas  concerning t h e  o r i g i n  of t h e s e  rocks have been d iscussed  

i n  previous regional  s t u d i e s  (LACROIX, 1941; BESAIRIE, 1948, 1956; DE LA 

ROCHE, 1956, 1958; NOIZET, 1959 etc.). I n  g e n e r a l ,  most workers have 

agreed t h a t  these  rocks are of metamorphic o r i g i n .  

EWERIMENTAL RESULTS 

Mineral Separa t ions  

pyroxene f r a c t i o n s  of 99.5% p u r i t y  were separa ted  by a number of methods. 

The major p a r t  of pyroxene separa t ion  was  performed wi th  EDRRER's Para- 

magnetic Separa tor  c a l l e d  "El&trona". 

s e p a r a t e  w a s  no t  ob ta ined ,  "L'dlectro-?l-pointes'' (a p o i n t  magnetic source)  

I n  cases where a completely pure 

was used f o r  f i n a l  p u r i f i c a t i o n .  I n  cases where even t h i s  method d i d  n o t  

y i e l d  99.5% pure material, heavy l i q u i d s  were use6 I"0i thz fFns1 sepzrations. 

The s a u p l e s ,  a f t e r  crushing i n  .zn i r o n  mor ta r ,  were screened and t h e  

100 t o  150 mesh por t ion  was taken f o r  separa t ion .  The f i n e s  were suspended 

i n  water and decanted. I n  one sample (no. 111, l i m o n i t e  s t a i n s  w e r e  

removed by b o i l i n g  i n  d i l u t e  HC1 f o r  t e n  minutes.  

s p i n e l  and i r o n  f i l l i n g s  from the  i r o n  mortar ,  were removed wi th  a s t r o n g  

bar magnet p r i o r  t o  in t roducing  the  samples i n t o  t h e  "Electrona". 

Magnet i te ,  i l m e n i t e ,  
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A t  every  s t a g e  of the  p u r i f i c a t i o n  process ,  t h e  materials were 

checked o r  examined under a s te reoscopic  microscope. 

Chemical Compos it i on 

The chemical a n a l y s i s  of t h e  pyroxenes were c a r r i e d  o u t  wi th  an  

A. R. L. "Optical Emission Quantometer". The samples were crushed t o  2d0 

mesh s i z e .  

of l i t h i u m  carbonate  and 3000 mg. of b o r i c  ac id .  

Then 300 mg. of t h i s  powdered sample were mixed wi th  600 mg. 

The ma te r i a l  was mixed 

thoroughly and fused i n  a platinum c r u c i b l e  u n t i l  it became g l a s s .  This  

glass w a s  ground t o  200 mesh s i z e  i n  a mechanical b a l l  c rushe r .  

mg. of t h i s  powdered g l a s s  was mixed with 200 mg. of n i cke l  oxide ( i n t e r n a l  

s tandard)  and 1200  mg. of g raph i t e .  After thorough mixing,  small tablets 

were prepared from t h i s  m a t e r i a l ,  us ing an A.R.L. b r i q u e t t i n g  p res s .  

Then 600 

Before analyzing t h e s e  samples i n  t h e  quantometer,  s y n t h e t i c  s tandards  

w e r e  prepared by mixing pure chemicals i n  approximately the same amounts 

expected i n  t h e  n a t u r a l  samples of pyroxenes. Tab le t s  of these s tandards  

w e r e  prepared,  analyzed i n  t h e  quantometer and readings  w e r e  recorded. 

Using these  readings,working curves were drawn. 

samples w e r e  then analyzed i n  the  quantorneter, readings recorded ,  and t h e  

percentages of var ious  oxides were determined from t h e  working curves.  

Tab le t s  of t h e  pyroxene 

The condi t ions  of t h e  quantometer used for t h e  a n a l y s i s  were as 

f 01 1 ows : 

Source . . . . . . . .  A.R.L. High P rec i s ion  Source (4700) 
Capacity . . . . . . .  30 F 
Inductance . . . . . .  360 H 
Resis tance . . . . . .  45 ohms 
Voltage. . . . . . . .  950 v 
Frequency. . . . . . .  50 Cps 
Time of Exc i t a t ion  . . 21-22 seconds. 
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Table 1 con ta ins  t h e  chemical a n a l y s i s  of t h e  pyroxenes. Table 2 

conta ins  t h e  average va lues  and a n a l y t i c a l  d i s p e r s i o n  for sample 29 which 

has been analyzed 16 t i m e s .  From t h i s ,  t h e  a n a l y t i c a l  d i s p e r s i o n  can be 

judged f o r  t h e  o the r  ana lyses .  Fig. 1 g ives  t h e  v a r i a t i o n s  of CaO, MgO, 

and Fe203 i n  pyroxenes. 
i 4  

The Ca:Mg:Fe r a t i o s  are p lo t t ed  on three-poin t  diagrams on t h e  three-  

p o i n t s  f i g u r e  of Poldervaar t  and Hess (1951) which they  used f o r  t h e  nomen- 

c l a t u r e  of t he  pyroxenes. A l l  po in ts  f a l l  on t h e  diopside-hedenbergi te  

series as shown i n  Fig. 2. 

Fig. 3 g ives  t h e  three-poin t  diagram Al-Fe-Mg. The d.iagram i l lus t ra tes  

c 

t h a t ,  i n  pyroxenes from t h e  f e ldspa th i c  pyroxeni tes ,  t h e  Fe/Al r a t i o  i s  

g r e a t e r  than 1 ;  and i n  t h e  o t h e r  pyroxenes, t h i s  r a t i o  i s  less than  1. A 

50 d i s t i n c t  s t r a i g h t  l i n e  can be drawn jo in ing  t h e  ve r t ex  of Mg and A1  

i n  order  t o  d i s t i n g u i s h  t h e  pyroxenes of t h e  f e l d s p a t h i c  pyroxeni tes  from 

t h e  o the r  pyroxenes. Only pyroxene (no. 9) o t h e r  than  t h e  f e l d s p a t h i c  type  

seemed t o  be except iona l .  This pyroxene contained minute inc lus ions  of 

i lmen i t e  

Op t i ca l  P r o p e r t i e s  

and magnet i te  causing t h e  Fe 0 value t o  be g r e a t l y  increased .  2 3  

Opt ica l  p r o p e r t i e s  of t h e  pyroxenes w e r e  sys t ema t i ca l ly  determined. 

I Resul t s  are g raph ica l ly  presented i n  Fig. 4 aid taSu?ate:! in Table 3. 

The r e f r a c t i v e  i n d i c e s ,  t h e  b i re f r ingence ,  t h e  e x t i n c t i o n  ang le s  and 

t h e  o p t i c  a x i a l  ang le s  are p lo t t ed  aga ins t  t h e  per  cent  Fe atoms i n  t h e  

t o t a l  Ca, Mg and Fe and t h e  curves showing t h e  v a r i a t i o n s  of t h e  o p t i c a l  

cons t an t s  are drawn. 
I 

Observations on t h e  measurement of s p e c i f i c  o p t i c a l  p r o p e r t i e s  of 

t hese  pyroxenes are summarized below. 1 

f i  
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Table I 

Chemical Analysis of Pyroxenes (Major Elements) * 
-~ ~ 

~ 

1 2 3 4 5 6 7 8 9 

Si0 

*l2’3 

2’ 3 

c a0 

MgO 

MnO 

T i 0 2  

Na20 

44.30 

10.10 

5.15 

25.20 

14.80 

0.04 

0.42 

0.61 

T o t a l  100.62 

44.00 

7.40 

5 .oo 
25.10 

15.40 

0.33 

0.43 

0.61 

98.27 

42.30 42.60 

8.85 8.20 

7.50 7.10 

23.90 24.60 

15.50 14.40 

0.10 00.09 

0.38 0.36 

0.35 0.27 

98.88 97.62 

41.10 

11.10 

5 .oo 
25 .OO 

14.35 

0.10 

0.67 

0.56 

97.88 

42.30 

7.70 

11.80 

24.41 

12.00 

0.40 

0.24 

0.60 

99.45 

41.60 

11.35 

6.10 

24.73 

14.00 

0 .os 

0.58 

0.66 

99.07 

44.20 44.20 

7.00 2.40 

3.30 21.10 

24.70 20.10 

17.20 8.40 

0.14 1.70 

0.30 0.06 

0.45 0.60 

97.29 98.56 

A l l  of t h e  ana lyses  were done i n  quadrupl ica te  and t h e  average is given. 

* 
: 

n: 
$ : 

These samples w e r e  analyzed 16 times and t h e  average i s  given. 
S i g n i f i e s  t h a t  t he  element could not  be analyzed. 
For l o c a t i o n s  see Majmundar (1961 1. 



Table 1 

Chemical Analysis  of Pyroxenes (Major Elements) (Cont .) 

10 11 1 2  1 3  14 15* 16 17 18 1 9  

Si02 41.50 45.35 43.20 41.10 42.00 43.52 44.40 n 46.10 45.90 

A1203  8.85 2.60 2.95 4.80 5.65 7.44 5.55 7.45 2.60 4.95 

Fe203 15.60 16.40 17.80 24.00 19.30 12.97 13.00 26.00 16.80 7.00 

CaO 23.50 24.95 25.20 22.85 23.90 24.51 25.35 23.60 25.10 24.55 

MgO 9.00 8.45 8.60 3.90 6.60 9.51 9.50 3.60 8.50 13.20 

MnO 0.26 0.52 0.32 1.50 0.62 0.31 0.14 0.40 0.14 0.09 

T i 0 2  0.18 0.25 0.35 0.40 0.42 0.33 0.40 0.58 0.14 0.57 

Na20 0.64 0.39 0.36 0.65 0.60 0.44 0.58 0.68 0.61 0.46 

Total  99.53 98.91 98.78 99.20 99.09 99.03 99.07 - 99.99 96.63 

" 

,; .-l 
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Table 1 

Chemical Analysis of Pyroxenes (mjor Elements) (Cont.) 

* 
20 21 22 23 24 25 26 27 28 29 

1 

Si02 

2' 3 

Fe 2' 3 

CaO 

MgO 

MnO 

Ti0 

Na 2O 

Total 

44.10 

1.60 

22.60 

24.30 

6 .OO 

0.30 

0.18 

0.82 

99-90 

43.30 

7 -10 

12.80 

24.30 

9.50 

0.12 

0.76 

0.52 

98.40 

43.10 41.28 

9.30 10.15 

5.10 5.60 

24.73 24.40 

13.10 16.85 

0.08 ,0.06 

0.65 0.74 

0.77 0.86 

96.83 99.94 

47.65 41.25 

5.90 10.10 

3.00 5.60 

25.60 24.40 

15.90 17.00 

0.02 0.10 

0.60 0.73 

0.54 0.85 

99.21 100.03 

44.00 n 

6.75 3.00 

7.15 4.30 

25.70 24.20 

13.10 14.40 

0.09 0.06 

0.59 0.11 

0.57 0.38 

97.95 - 

44.50 

9.20 

5 .oo 

23 -40 

13.20 

0.32 

0.33 

0.62 

96.57 

42.30 

9.88 

9 -00 

24.20 

10.53 

0 -43 

1.62 

0.53 

98.49 
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Table I1 

Average Values  and Analy t ica l  Dispersion (Major Elements) * 

* '  

* 
No. of Analyses Arithmetical C o e f f i c i e n t  of C o e f f i c i e n t  

Average Standard Deviat ion of R e l a t i v e  
Devia t ion  

16  47.27 0.5 1.06% Si02 

2' 3 16 9 -84 0.8 8.13 

Fe 2' 3 16 9.04 1 .o 11.06 

16 24 -43 1.5 6.14 CaO 

MgO 16 10.51 0.028 2.66 

MnO 16 0 - 4 4  0.01 2 .22  

TiOp 16 1.78 0.13 7.30 

NaZO 16 0.51 0 -03 5.88 
I 

* 
: For sample no. 29 

; 2 (Ex)? ;cx - - n 
f 

Q = ,* , .  n-1 
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Figure 4- RELATION OF PHYSICAL AND OPTICAL PROPERTIES 
AND CHEMICAL COMPOSITION IN CLINOPYROXENES 
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Table I11 

The Phys ica l  and Optical  P r o p e r t i e s  of Pyroxenes 

Sample Sp. cy Y Biref.  Zhc 2v Pleochroism 
No. g r a v i t y  a x i s  

1 

2 

3 

8 

9 

10 

11 

1 2  

13 

14 

1 5  

16  

1 7  

* 18 

1 9  

20 

2 1  

2 2  

i3 

2 4  

25 

26 

27 

28 

29 

3.312 

3 -311 

3.301 

3.300 

3.300 

3.390 

3.300 

3.285 

3 -462 

3.600 

3.380 

3.m 

3.472 

3.420 

3.382 

3.309 

3.489 

3.398 

3.320 

3.445 

3.391 

3 -295 

3 . 3 w  

3 -290 

3.300 

3 -310 

3.300 

3.312 

3.345 

1.682 

1.678 

1.682 

1.682 

1.682 

1,693 

1.681 

1.672 

1.690 

1 .700  

1.705 

1.707 

1.722 

1.713 

1.700 

1.700 

1 . 7 2 4  

1.707 

1.683 

1 . 7 1 8  

1.699 

1.680 
- *ne 
I .oou 

1.670 

1.679 

1.684 

1.675 

1.680 

1.695 

1.709 

1.706 

1.709 

1.709 

1.710 

1 .718  

1.709 

1 .701  

1.712 

1.729 

1.728 

1.730 

1 .740  

1.735 

1 .724  

1.724 

1.743 

1.729 

1 .710  

1.739 

1.722 

1 .707  
.I 7-0 
L.IUU 

1.698 

1 .707  

1 . 7 1 1  

1.703 

1.707 

1.720 

0.027 

0.028 

0 .O27 

0.027 

0.028 

0.025 

0.028 

0 -029 

0.022 

0.029 

0.023 

0.023 

0.018 

0.022 

0.024 

0.024 

0.019 

0.022 

0.027 

0.021 

0.023 

0.027 
n n-0 
V.VL." 

0.028 

0.028 

0.027 

0.028 

0.027 

0.025 

39O 

4oo 
4oo 

39O 

4oo 

45 O 

4 3 O  

42 O 

4 3 O  

4 4 O  

40' 

42' 

38' 

46 

42' 

42' 

45O 

4 3 O  

4oo 
45 O 

41 

40' 
!I& 

39O 

4oo 
39O 

38' 

41 

41 

58.5OT + ) 

58' (+) 

59O (+) 

59O (+> 

58.S0(+) 

60' (+>  

59O (+>  

57 S O ( + )  

59O (+>  

61' (+) 

60.5' (+) 

61' (+> 

61' ( + I  
60° (+>  

60S0(+> 

59O (+) 

59O (+> 

59O (+) 

61' (+) 

60' (+) 

60' (+> 

58.5' (+) 

e.,.- q R  C;'<+> 

57O (+>  

59.S0(+) 

58.5'(+) 

58' (+) 

58.5*( +) 

59.S0(+) 

Nonpleochroic 

Nonpleochroic I 

Nonpl eochro ic 

Nonpleochroic 

Nonpl eochroic  

P1 eochro i c  (weak1 y > 
Nonpleochroic 

Nonpl eochro ic  

P leochro ic  ( s t r o n g l y )  

P leochro ic  

P leochro ic  

P1 e oc h r o i c  1 

I Pleochro ic  I I 

Pleochroic  

P1 eochroic  

Pleochroic  

P leochro ic  ( s t r o n g l y )  

P1 eoc h r o i c  

Nonpl e ochro i c  

P leochro ic  

Pleochroic  

Nonpleochroic 

Ngnplenrhrni c 

Nonpl eochro ic  

N onpl e ophroic 

Nonpl eochroic  

Nonplewhroic  

Nonpl eochro ic  

Nonpleochroic 

Sample Nos 1-9 - Pyroxeni tes  wi th  phlogopi te  .. 
10-21 - Feldspathic  Pyroxeni tes  
22-29 - Werneri t ic  pyroxeni tes  

, 
I 

i lj ~ G z - o r :  c- -I__ ..- 
i 

--I .- - .  ,.- - 
i XERO Fm"&q.- 
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Ind ices  of Refrac t ion  

The ranges of t he  ind ices  of r e f r a c t i o n  of t h e  pyroxenes were d e t e r -  

mined by t h e  'Immersion Media' method. Ordinary immersion methods were 

used wi th  a set of organic  l i qu ids .  

matched t h e  index of r e f r a c t i o n  of t h e  pyroxene, i t s  index of r e f r a c t i o n  

A f t e r  a l i q u i d  o r  a m i x t u r e  of l i q u i d s  

was determined with a J e l l e y ' s  Micro-Refractometer. The va lue ,  cy, varies 

from 1.670 t o  1 .724  and y v a r i e s  from 1.690 t o  1.743. 

f o r  index determinat ions is est imated t o  be f.0005 except f o r  material 

The normal accuracy 

of v a r i a b l e  composition. I t  i s  6.001 f o r  such material, 

Biref i i n m n c 6  

An estimate of t h e  b i re f r ingence  w a s  made using Michel Levy's p r i n c i p l e ,  

i.e. by determining t h e  g r e a t e s t  and t h e  least ind ices  of r e f r a c t i o n .  

The b i re f r ingence  was  found t o  vary from 0.013 t o  0,029.  

Ext inc t ion  Angles 
I 

The e x t i n c t i o n  angles  of the common clinopyr'oxenes vary between 38' 

and 46'. 

i n  determining t h e  e x t i n c t i o n  angles .  

Methods descr ibed by " E R  (1942) and RLEEMAN (1952) were used 

A cu rve  w a s  obtained by p l o t t i n g  

t h e  results aga ins t  t h e  percentage of Fe atoms i n  t h e  t o t a l  C a ,  Mg, Fe. 

Where t h e  percentage of Fe atoms i n  t h e  t o t a l  Ca, Mg, Fe i s  z e r o ,  t h e  

e x t i n c t i o n  angle. is  37.5 : 

percentage of Fe atoms i n  t h e  t o t a l  Ca, Mg, Fe is 50,  t h e  e x t i n c t i o n  angle  

is  as much as 46 . 
Opt ic  Axial Angles 

0 
and a t  t h e  o the r  end of t h e  curve where t h e  

0 

--- 
A l l  measurements of o p t i c  a x i a l  angles  were made on t h e  "Universal 

Stage" by d i r e c t  r o t a t i o n  from one o p t i c  axis t o  t h e  o the r .  

according t o  HESS (1949), is more accurate than  measurements of o p t i c  a x i a l  

This method, 



angles  by r o t a t i o n  from one o p t i c  a x i s  t o  a b i s e c t r i x .  H e  asserts that 

o r i e n t a t i o n  of a g r a i n  on the  "Universal Stage" t o  b r i n g  X, Y, Z t o  t h e  

vertical pos i t i on  cannot o r d i n a r i l y  be done with t h e  accuracy u s u a l l y  

a t t r i b u t e d  t o  it. I n  t h i s  s tudy ,  t h e  o p t i c  a x i a l  angles  vary  from 57 

t o  61' wi th  a p o s i t i v e  s ign.  

a maximum a t  29 p e r  cen t  Fe c o n t e n t .  The normal accuracy,  f o r  both 

e x t i n c t i o n  angles  and o p t i c  a x i a l  angles ,  i s  es t imated  t o  be 433.5 . 
Pleochroism 

0 

These values  l i e  on a smooth curve which has  

0 

The c o l o r s  of t he  pyroxenes show a d i r e c t  r e l a t i o n s h i p  t o  t h e  Fe 

content .  No o the r  i ons  have been i d e n t i f i e d  as a f f e c t i n g  t h e  t r ansmi t t ed  

co lo r  of pyroxenes, e i t h e r  by themselves or i n  conjunct ion wi th  t h e  above. 

S p e c i f i c  Grav i ty  

The d e n s i t y  measurements were made by means of a pycnometer. Nearly i 
I 5 gms of t h e  pyroxene g r a i n s ,  25 m l .  pycnometer b o t t l e  and d i s t i l l e d  water I 

w e r e  used. A curve was drawn by p l o t t i n g  these  readings  aga ins t  t h e  percentage  

of Pe atoms i n  t h e  t o t a l  C a ,  Mg, Fe (Pig.  3 ) .  Resul t s  i n d i c a t e  t h a t  samplks 

having a darker  c o l o r  and h ighe r  Fe conten t  have h igher  d e n s i t i e s .  The 

accuracy i s  thought t o  be better than M.01, A l l  t h e  observa t ions  were 

made at  room temperature  and are uncorrected f o r  atmospheric pressure .  

DISCUSSION 1 

The most remarkable s i n g l e  c h a r a c t e r i s t i c  of t h e s e  pyroxenes i s  t h e  

high content of A1  0 which d i s t ingu i shes  them from t h e  common pyroxenes 

of t h e  diopside-hedenbergi te  series. Common pyroxenes con ta in  less than 

3.00% A1203, bu t  those  analyzed by t h e  au tho r  f r equen t ly  con ta in  7.00 

2 3  

t o  10.00% A1203. 

was f i r s t  pointed 

This  p e c u l i a r i t y  of t h e  "diopsides" of S. E. Madagascar 

ou t  by LACROIX (19+1>, who found them t o  be r i c h  i n  A1203 



1 . 
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but  poor i n  i ron .  He c a l l e d  them "Leucoaugites." S i m i l a r l y ,  t h i s  s tudy  

reveals t h a t  t hese  pyroxenes form an isomorphous series conta in ing  a 

r e l a t i v e l y  high amount of A1 0 

i n  t h e  diopside-hedenbergi te  series. 

Because of t h i s ,  they  cannot be c la s sed  2 3' 

Therefore  t h e  name "Diopsides 

Alumineux" (Aluminous Diopside) was given t o  them. , 

The presence of A 1  0 i n  t h e s e  pyroxenes i s  very i n t e r e s t i n g ,  as it 2 3  

does not  seem t o  be rep laced  o r  subs t i t u t ed  f o r  any of t he  usual  e lements ,  

i .e. Ca,  Mg, o r  Fe. I n  a l l  samples analyzed,  t h e  number of C a  atoms 

has been found t o  be equal t o  the  sum of t h e  Fe and Mg atoms, a c h a r a c t e r i s t i c  

of t h e  pyroxene d iops ide .  I n  add i t ion ,  t he  weight percentages  of -0, 

24-26%, f a l l  i n  t h e  exac t  range of those  found i n  t r u e  d iops ide  having the  

formula C a  (Mg,Fe) Si20,. c o n t e n t ,  2 

which would be between 49 and 55% by weight i n  t r u e  d iops ide ,  is comparatively 

low i n  the samples analyzed, bei'ng between 40 and 47%. So, it appears  that 

aluminum seems t o  have s u b s t i t u t e d  f o r  s i l i c o n  and i t s  presence is  a 

c h a r a c t e r i s t i c  of these  pyroxenes. 

On t h e  con t r a ry ,  however, t h e  S i0  

This s tudy  a l s o  r evea l s  t h a t  co lo r  v a r i e s  cons iderably  w i t h  t h e  

propor t ions  of major cons t i t uen t s .  I n  pyroxenes having inc reas ing  amounts 

of i r o n  and aluminum, t h e  c o l o r  changes from pa le  green t o  d a r k  green o r  

b lack .  

dzepenrng of co lo r .  

co lor -cont ro l  element i n  these  minerals .  

They show an inc reas ing  i ron  con ten t ,  from 3.00-26.00%. wi th  

A reasonable  assumption is r n a t  i r u i i  Is the mo;mv 

Also shown i n  t h i s  s tudy is  t h a t ,  l i k e  i r o n ,  manganese also p lays  an 

important  r o l e  as a co lor -cont ro l  element. 

(i.e. t h e  most r i c h  i n  i r o n  con ten t ) ,  a l s o  con ta in  t h e  h igher  manganese 

conten t .  Likewise,  t h e r e  i s  a regular  diminuation of manganese conten t  as 

The darker  co lored  pyroxenes 

we progress  toward t h a  l i g h t e r  colored m e m b e r s .  

-- -=q& ._ -.̂  Ga 
-copv 



. 
- 18 - 

RUNO (1954) showed that t h e  i n t e n s i t y  of pleochroism i n  pyroxenes had 

2 a d i r e c t  r e l a t i o n  t o  the  T i  content  bu t  no r e l a t i o n  t o  t h e  Fe or Mn 

content .  He f u r t h e r  added t h a t  t he  s t r o n g e s t  pleochroism i s  seen i n  t h e  

specimen having t h e  h ighes t  T i  con ten t ,  c o l o r l e s s  pyroxenes having no T i  

conten t .  

is d i r e c t l y  r e l a t e d  t o  T i  and Fe content .  I n  t h e  p re sen t  s tudy ,  t h e  

r eve r se  case i s  not iced .  

HESS (1949) a l s o  reported t h a t  t h e  pleochroism of t h e  cl inopyroxenes 

3 

There seems t o  be direct  r e l a t i o n s h i p  between I 

i ron  conten t  and pleochroism. 

(sample 17) has t h e  highest  Fe content ,  t h e  T i  conten t  being very low. 

The pleochroism nex t  i n  i n t e n s i t y  is seen i n  sample 9 ,  which has  21.1036 

Fe203 and t h e  lowest content  of TiOZ (0.06%). 

pyroxenes have a higher  T i  conten t  and lower Fe conten t  (samples 1, 5 ,  8 ,  

The sample showing t h e  s t ronges t  pleochroism 

Thus, t h e  nonpleochroic 

26, etc.). 

The ind ices  of r e f r a c t i o n  of t h e s e  pyroxenes show a similar r e l a t i o n s h i p  j 

with  Fe. Samples 9 ,  12 ,  13, 14 ,  16 ,  1 7 ,  20, etc., which have h igher  Fe 

con ten t s ,  show higher  ind ices  of r e f r a c t i o n .  Conversely, samples having 

a lower Fe conten t  had lower ind ices  of r e f r a c t i o n .  

Similar r e l a t i o n s h i p s  are a l s o  not iced  i n  t h e  d e n s i t i e s  of t hese  

The pyroxenes having the  h ighe r  Fe c o n t e n t ,  a l s o  have t h e  pyroxenes. 

h ighe r  d e n s i t i e s .  

has a 3.25 d e n s i t y  and t h e  sample having t h e  h ighes t  Fe conreni; iihs a 

d e n s i t y  near. 3.55. 

For example, the sample having t h e  least Fe conten t  
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